Abstract: Food chain sustainability assessment is challenging on several grounds. Handling knowledge and information on sustainability performance and coping with the diversity of visions around "what counts as sustainable food" are two key issues addressed by this study. By developing a comparative case study on local, regional and global wheat-to-bread chains, and confronting the multidimensionality of sustainability, this work focuses on the differing visions and perspectives of stakeholders. We integrate qualitative and quantitative data, stakeholder consultation and multi-criteria analysis to align the visions and the multiple meanings of sustainability. Because of the complexity and the dynamicity of the food system, the multidimensionality of the sustainability concept and its pliability to stakeholders priorities, sustainability is an object of competition for firms in the agro-food sector and has major implications in the governance of food chains. Results identify key propositions in relation to: (i) the value of combining science-led evidence with socio-cultural values; (ii) multidimensional sustainability assessment as a self diagnosis tool; and (iii) the need to identify shared assessment criteria by communities of reference.
Introduction
There is a widely recognized need for individuals, organizations and societies to find modes, metrics and tools for articulating the extent to which, and the ways in which, entities or activities are sustainable [1] . In the definition provided by Ness and colleagues, "the purpose of sustainability assessment is to provide decision-makers with an evaluation of global to local integrated nature-society systems in short-and long-term perspectives in order to assist them to determine which actions should or should not be taken in an attempt to make society sustainable" [2] .
The substantial impacts of food production and consumption on environmental and socio-economic grounds have stimulated scholars, civil society, corporations, and national and international institutions in developing food chain sustainability assessments. Several streams of literature address food chain sustainability assessment, including supply chain management [3] , socio ecological systems [4] , and rural sociology [5] . The assessment of different aspects of sustainability relies on a wide range of "assessment frameworks"-integrated and structured procedures which prescribe a number of stages-and "assessment tools"-analytical techniques that can be used to conduct analyses/comparisons within frameworks, such as indicator lists/composite indices and multi-criteria analysis among others [6] . Several meta-analysis compare and classify existing sustainability assessment frameworks and tools systematically based on the type of tool used [7, 8] temporal scope [2] , degree of top-down influence and stakeholder participation [9] . Munda [10] classifies among "reductionist" and "non reductionist" tools: reductionist tools make use of a single measurable indicator (e.g., economic costs/benefits), a single dimension (e.g., environmental), a single
Materials and Methods
Our research methodology comprises two main stages. In a first stage, we carried out a selection and a preliminary assessment of three diverse supply chains having regard to each phase: input provisioning, farming, first and second stage processing and distribution. In the second stage, we integrated the previous analysis by developing a participatory assessment to explore the visions of different stakeholders on the importance of the set of sustainability dimensions and attributes, in relation to the performance of the three bread chains.
Methodology of the Preliminary Assessment

Case Studies Selection
The selection of the supply chains for case study purposes was aimed at capturing the most diverse-in the words of Eisenhardt [19] -"polar type" situations. Differing degrees of complexity, multidimensional sustainability performances and contrasting values and interests-in relation to sustainability-can be observed in the supply chains studied. The selection of the cases was inspired by four main characteristics: the geographical distance between the chains' stages (localized, regional and global), the governance and organization of supply chain actors (one integrated, one vertically coordinated and one coordinated based on market relations, i.e., price); the resources, know-how and technologies employed (labor intensive and handcraft know how, capital intensive and industrial and a mix of both) and the territorial identity of the product (standardized or differentiated).
The three bread chains are: (i) a small scale, niche bread (local case); (ii) an industrial bread with traditional features as defined by a Protected Designation of Origin (PDO) quality specification (regional case); and (iii) a large scale, industrial and standardized bread (global case). Tables 1 and 2 present a set of contextual descriptors to convey the heterogeneity of the cases selected. 
Attributes for Sustainability Assessment
The supply chains selected were assessed in relation to a set of sustainability attributes within five sustainability dimensions: social, economic, environmental, health, and ethical. We referred to a scoping study by Kirwan et al. who evaluated the perceptions and representations of food chain performance at both global and local level in different national contexts; four spheres were considered as spaces of communication characterized by actors, the media and discourses (i.e., the market, the public, the scientific and the policy spheres) across five dimensions of sustainability (economic, social, environmental, human health and ethical) [22] . Sustainability "attributes" are "features or characteristics or inherent parts of sustainability performance". It should be noted that "attributes are not indicators". We adapted the 24 attributes identified by Kirwan et al. [22] to the specificities of the bread sector by carrying out an academic literature analysis on the wheat-to-bread chain [23, 24] , and adopting a hierarchical structure of sustainability attributes within each dimensions. This hierarchical structure was aimed at helping respondents to assess the attributes with reference to each dimension of sustainability, in the later steps of the research [25] . This led to the identification of 19 attributes relevant for the analyzed commodity (Table 3 ) Some adaptations of the set of attributes proposed by Kirwan and colleagues [22] were made, in order to tailor the assessment to the specificities of the bread chain (based on a literature analysis) and to simplify assessment by stakeholders [26] . Hence, we analyzed the three cases with reference to the selected sustainability attributes, having regard to each step of the chain: input provision, farming, first and second stage processing and distribution. Based on a case-study protocol [27] , we integrated in-depth interviews with stakeholders at all stages of the supply chains with interviews with experts and secondary data. At least two investigators were present in each interview and visit at case study sites. Table 3 . Attributes within sustainability dimension and definitions (adapted from [22] ).
Sustainability Attribute Definition
Economic AV creation Product's ability to obtain a price premium that remunerates production Profitability/competitiveness Ability of the chain to get stable prices, access to credit, access to factors of production (raw materials and skilled labor), market access 
Methodology of the Participatory Assessment
In the second stage, we developed a participatory assessment to explore the visions of different stakeholders on the perceived importance of the set of sustainability dimensions and attributes, in relation to the performance of the three bread chains. For this purpose, we organized a workshop that aimed at bringing together stakeholders at different stages of different wheat to bread supply chains, to allow for the heterogeneity of perspectives and expertise to be shared and exchanged. The attendance to the workshop was of thirteen participants, belonging to the three supply chains and other regional and national bread chains, representing farming, milling, baking and distribution (see Table A1 for the list of participants). During the workshop, we combined individual assessment and group discussion following a predetermined protocol, which was previously tested with students during class (the methodology was tested in a class of 15 students to check for timing, and feasibility of the agenda and effectiveness of data analysis during the workshop).
The workshop comprised three main parts. Firstly, a general introduction and brief presentation of the three chains was given, providing the same set of contextual information for each chain, with reference to the geographical description of the supply chain, the type of resources and technologies used, product prices and annual quantities and qualitative features of the three breads (Tables 1 and 2 contain the information provided to participants). Secondly, the individual assessment took place. Stakeholders were given a brief definition for each attribute (Table 3 ) and three evaluation forms, which asked for, respectively: i A prioritization of the five sustainability dimensions for sustainability assessment of the wheat-to-bread chain (scale from 0 to 9). ii A prioritization of the sustainability attributes within each dimension. Stakeholders were asked to assign a level of importance to each attribute (scale from 0 to 9) as a criteria to assess the sustainability performance of the wheat-to-bread chain. iii Stakeholder judgment on the performance of three chains presented, with respect to each attribute assuming the availability of an "optimal" indicator (scale from 0 to 9).
Thirdly, data were collected and analyzed by the research team, by means of a cluster analysis, aiming at grouping "homogeneous" stakeholders, based on the individual assessment of sustainability dimensions. The analysis applies a cluster analysis using dissimilarities between stakeholders' perception on the relative relevance of sustainability dimensions. The groups are identified using hierarchical clustering method and the higher Calinski/Harabasz pseudo-F value (see Calinski and Harabasz [28] ). The weights were calculated taking into account the hierarchical structure of sustainability dimensions and attributes. The analysis of the performance of the three chains was carried out by means of multi-criteria aggregation: the weights derived for each attribute were used to aggregate the normalized performance scores of different supply chains. While data were elaborated, a collective discussion on some overarching questions took place, aimed at identifying consensus areas, unsolved tradeoffs and possible disagreements on sustainability dimensions and performances. As soon as the results of the multi-criteria and cluster analysis were available, they were shown and discussed with the participants. Figure 1 illustrates the results of the preliminary assessment based on the integration of information available on the set of sustainability attributes. The figure indicates on the vertical axis the positioning of the attributes in relation to the availability of information, (e.g., indicators and non-measurable but relevant information), while the horizontal axis expresses the difference in the performance of the three cases. The sustainability attributes are allocated into four quadrants: (1) Top-right: a high difference in the performance of the chains and a high availability of information for the chains selected; (2) Top-left: a low difference in the performance of the chains, supported by a relatively high availability of information on the attribute; (3) Bottom-right: a high difference in the performance of the chains and a low availability of information to clearly support such performance difference. The performance difference emerges from interviews with stakeholders and/or other information which is not captured by indicators but anyhow relevant to characterize the performance; (4) Bottom-left: a low diversity in the performance supported by a low availability of valuable information. 
Results
Results of the Preliminary Assessment
Economic Performance
The economic performances of the three chains are very diverse but they share a common feature: they are best practices, each one in its own "realm". "Local" is a short and fully integrated supply chain without intermediaries and the product is a niche quality bread. The local bread shows the highest premium price in relation to a suitable comparable. Moreover, the farmer defines the final price based on production costs, and adapts the production according to the demand. However, the milling and baking plants are not used at their full potential, therefore the efficiency of the production process could be improved. The "regional" chain was initiated by a miller, with the support of the Regional Rural Development Program (RDP) and the code of practices agreed with farmers and bakeries limits the sourcing of wheat to the Tuscan territory. The localization strategy pursued by the Consortium includes the recognition of the PDO, which is currently in its final phase, and all operations must take place in Tuscany. The intention of the network is to sell this product on the global market. The contract agreement, which defines production quantities and premium price ranges for farmers, coordinates stakeholders to the common aim of ensuring the quality of the final product, a prerequisite of the commercial and economic success of the initiative. The "global" chain is a mass product whose premium price is positive with respect to a generic, comparable soft bread, in a market characterized by frequent promotions and price reduction. This is due to brand value and good organoleptic features. In this case, wheat is sourced on global commodity markets, because Italy has a limited internal supply of wheat suitable for baking purposes, due to pedo-climatic conditions, and technological features and therefore it is highly dependent on imports (more than one half of national requirements).
Social Performance
The social dimension of sustainability in the three cases considers labor relations, distribution of added value, food security, territoriality and trust. In relation to the two latter attributes, the predominance on the market of bread of low or unclear quality have encouraged the diffusion of re-localization experiences-as in the local and regional cases-aiming at reconnecting and increasing transparency and therefore trust in all stages of the bread chain up to the final consumer. 
Economic Performance
Social Performance
The social dimension of sustainability in the three cases considers labor relations, distribution of added value, food security, territoriality and trust. In relation to the two latter attributes, the predominance on the market of bread of low or unclear quality have encouraged the diffusion of re-localization experiences-as in the local and regional cases-aiming at reconnecting and increasing transparency and therefore trust in all stages of the bread chain up to the final consumer. Nonetheless the global chain has a national identity and brand, and although the product in itself is highly standardized, the product range is being increased and diversified. The global chain's bread is the best performing in terms of food security, framed as economic and physical access, availability (and stability) of the product, which is easily accessible through mass retailers. The performances on labor relations across the three cases are not significantly different, despite the specificities of each case. The distribution of added value could not be assessed due to lack of data on prices and costs along each chain, however in the local and regional cases the role of farmers is more prominent: the local chain is fully led by the farmer and in the regional chain there is a contract that protects farmers from market fluctuations, by defining a minimum price per ton of wheat.
Environmental Performance
The environmental dimension is captured by contribution to biodiversity, resource use, pollution and waste. Performances across the chains in relation to biodiversity, pollution and resource use are diverse, while for waste no significant differences are found. Biodiversity can be captured by the wheat varieties used, as an indicator of "genetic variability", and the cultivation practices adopted. The genetic improvement of (soft) wheat and the development of milling and baking technologies are closely related: the process of genetic selection has led to the replacement of traditional breeds with new cultivars with reduced height (semi-dwarf), high yields, high protein content (i.e., gluten, which confers elasticity to the dough), to be grown in very different environments, adapted through agronomic interventions (i.e., technological and chemical inputs). This process has improved the yields and the agronomic characteristics [29, 30] but has caused a genetic erosion of soft wheat [31, 32] . The recovery of traditional/heritage soft wheat varieties and compliance with agro-environmental measures are practices that favor both wild and domestic biodiversity [33] . Traditional and ancient varieties are being re-discovered for their characteristics (i.e., adaptability to pedo-climatic conditions, relative tolerance to fungal diseases, less need for added nutrients, ability to compete with weeds for their tall size), especially coupled with organic/biodynamic farming systems, or low input agriculture [34] . Due to the lack of varieties for organic agriculture, associations of organic farmers in several European countries have begun cultivating landraces and historic varieties, effectively practicing in situ conservation of agricultural biodiversity [35] . The three cases show different approaches towards biodiversity: the global chain supplies conventional varieties, suitable for industrial bread making purposes and has not, up to now, considered to turn to organic wheat supplies. Local and regional cases address different aspects in relation to biodiversity: the regional one links the production of wheat to a set of heritage and locally adapted varieties grown in the region, and requires that farmers comply with an agronomic protocol aimed at minimizing the heterogeneity of the wheat supply, with respect of technological quality requirements (e.g., protein content). In the local case, biodiversity represents an objective in all supply chain's activities: the farming system, the seeds' selection, and the way bread is processed are adapted to the features of the raw material, thanks to the flexibility allowed by the small scale. At the same time, biodiversity valorization has become a marketing strategy: beyond the organic certification, the quality features of ancient wheat are communicated to the consumer, via the website and word of mouth, or through the networks in which the farmer is embedded (i.e., joint collaboration with universities and NGOs). Resource use and pollution attributes have been assessed based on LCA indicators available for the local and global cases in published reports [36, 37] : global warming potential (GWP in g/CO 2 eq. (equivalent) per kg. of bread) and energy use (MJ per kg of bread) are summarized in Table 4 . Despite LCA methodological differences, which do not allow a comparability of the hotspots along the chain stages, data show that the local case has a higher overall GWP per kg of bread. Similarly, the local chain shows an overall higher energy consumption. This confirms available literature stating that large-scale industrial milling and baking have a lower impact on the environment. LCA literature on the bread chain also agrees that the environmental performance is strongly affected by the wheat farming system and the patterns of consumption [38] , (the latter not considered in the scope of this study), beyond other minor factors, such as the efficiency of wheat cooling and storage, the milling and the baking technology, the packaging material used [39, 40] . For the regional chain this information is not available, although stakeholders declare the intention towards reducing environmental impacts in all stages of the chain, supported by recent investments in more efficient plants and facilities. However, such effort is not coordinated and not explicitly monitored and measured.
Although waste of bread emerges in the literature as a critical issue, especially for distribution and consumption [41] , this is not as relevant within the cases considered. The three products have a relatively long shelf life ( Table 2 ). Local and regional are freshly baked breads and sourdough leavening allows a longer shelf life compared to the one obtained through baker's yeast leavening. Moreover, stale bread can be reused by the consumer for traditional cooking recipes (e.g., soups). Specifically referred to the regional supply chain, the inclusion of contract agreements that make retailers responsible for waste disposal, thus discouraging the production of surplus. The global case is an industrial, sliced bread, which adopts aseptic packaging and the use of mild anti bacteria (i.e., ethanol). In terms of packaging disposal, the global case encourages the recycling of the plastic bag. The regional bread is sold in a paper bag, with a plastic insertion-to allow visualizing the product-thus making recycling more complicated for the consumer. The local chain uses a paper bag, which is also easily recyclable, but no indication is provided to the consumer.
Human Health Performance
The human health dimension is captured by nutritional content and the safety of the product itself. Food safety concerns in bread consumption currently find a resonance in national news, especially following recent scandals on the violation of hygiene norms for bread production. However the three cases are keen on following strict safety requirements, each one in its own context, so no significant differences are found. Nutritional content is a controversial issue because during all steps of bread making, complex biochemical and physical transformations occur, affect and affected by the various flour constituents [42] . The nutritive value of component cereals and flour, transformation and conservation processes impact on the nutritional value of bread [42, 43] . Nutritional value of bread depends on multiple factors and there is a lack of consensus on the practices that ultimately impact on the nutritional performance: the choice of grains, the milling technology, the choice of ingredients, salt levels, fat and preservatives all impact on the preservation of the nutritional features of bread. We addressed the quality of wheat and flour, the leavening methods and the ingredients used. On the first aspect, whole grains, as a source of dietary fiber, and the germ, as a nutrient rich component of wheat kernels, have been demonstrated having positive impacts on human health (see, for example [44] ). However, flour including wheat germ has a much shorter shelf life so it is hard to handle for industrial purposes. In addition, the wheat germ may also contain pesticide residues, which leads to reconsidering farming practices. Sourdough fermentation can improve the flavor and the nutritional properties of wheat bread because the cereal grain undergoes a series of biochemical processes that ultimately result in the production of bioactive compounds [42, 43] . Moreover, during sourdough leavening, the gluten molecule is pre-digested, thus reducing the gluten sensitivity risk for consumers. Reduction of salt and fat in the recipes are also other sensitive areas of concern, although traditional recipes can only be re-adapted to a certain extent in order to preserve the identity of the product. Based on these parameters, local and regional cases show a superior nutritional profile compared to the global case.
Ethical Performance
The attributes considered within the ethical dimension-transparency, responsibility, governance and innovation for primarily non-economic purposes-are difficult to capture through indicators. Wheat is hardly traceable and usually information about where it is from and who produces it is lost as the product moves along the supply chain. The industrialized commodity system determines a loss of information about where, by whom, and under what conditions that wheat is grown and processed. The correspondence between what is declared and what is sold to the consumer can be secured by traceability. There has been a general shift towards some level of identity preservation in the grain sector [45] , although staple crops were mostly neglected in comparison to fresh produce and animal products [46] . However, the different levels of identity preservation that could be possible must come to terms with blending practices of millers to achieve consistent quality [47] as well as the size of the supplies needed by each firm. Complete traceability of the wheat-to-bread supply chain requires dedicated storage structures for wheat, in order to ensure wheat separation and identity preservation. Ensuring complete traceability is one of the objectives of the regional supply chain contract and investments are publicly funded. The local chain provides the organic certifications for the farming system: the electronic certificate indicates the identity of the operator, the type or range of products covered by the certificate, its period of validity. When farming and processing happens within the same firm, down tracking is allowed. The EU organic logo is labeled on pre-packed products, e.g. wheat flour, but not on bread. Because of the local distribution of bread directly to the consumer, trust replaces the organic labeling [48] . The global chain, which operates on the international market on the side of supplies, does not encompass, at least for bread wheat, a full tracking down to wheat farmers. Information flows at the level of the supply chain actors develop with varying degrees of intensity depending on the market competition, the degree of integration and the territorial connection among stakeholders. The availability and accessibility of information to consumers on the product is a determinant of informed purchasing decision and includes food advertising, information on labeling, and the growing role of social media. At higher scales, corporate social responsibility gains a key role, allowing a pervasive communication through various channels (global case). For local and regional cases a much less costly communication strategy occurs, mostly based on face-to-face relationships, word of mouth reputation and ultimately trust between producer and producers. Figure 2 shows the importance assigned by participants (from 0 to 9) to each dimension of sustainability (minimum, average and maximum values). The averages on each dimension sum up to 1. The most important dimension for participants is "human health", and it is also the one on which there is most agreement (i.e., closeness between min and max). Economic and environmental dimensions rank second, while social and ethical follow in the back of the ranking. Social and ethical dimensions also show a lower level of agreement among participants compared to the other dimensions. Figure 3 presents the ranking of the sustainability attributes (normalized scores and standard deviations). The sum of the normalized scores for all attributes is 1. On average, participants indicated nutrition as the most important attribute, followed by trust, territoriality and biodiversity. Overall, there is a higher agreement on these attributes, as shown by the relatively lower level of variability in the answers. Disagreements on the priority of attributes ranked are higher in the lower part of the ranking, in particular for waste, governance and profitability/competitiveness. Figure 3 presents the ranking of the sustainability attributes (normalized scores and standard deviations). The sum of the normalized scores for all attributes is 1. On average, participants indicated nutrition as the most important attribute, followed by trust, territoriality and biodiversity. Overall, there is a higher agreement on these attributes, as shown by the relatively lower level of variability in the answers. Disagreements on the priority of attributes ranked are higher in the lower part of the ranking, in particular for waste, governance and profitability/competitiveness. The web diagram in Figure 4 shows the results of the multi criteria analysis on the performance of the three chains, weighted by stakeholders' prioritization of attributes. The multi criteria aggregation is the result of the weighted sum of the importance of each attribute and the perceived performances. Figure 3 presents the ranking of the sustainability attributes (normalized scores and standard deviations). The sum of the normalized scores for all attributes is 1. On average, participants indicated nutrition as the most important attribute, followed by trust, territoriality and biodiversity. Overall, there is a higher agreement on these attributes, as shown by the relatively lower level of variability in the answers. Disagreements on the priority of attributes ranked are higher in the lower part of the ranking, in particular for waste, governance and profitability/competitiveness. The web diagram in Figure 4 shows the results of the multi criteria analysis on the performance of the three chains, weighted by stakeholders' prioritization of attributes. The multi criteria aggregation is the result of the weighted sum of the importance of each attribute and the perceived performances. The web diagram in Figure 4 shows the results of the multi criteria analysis on the performance of the three chains, weighted by stakeholders' prioritization of attributes. The multi criteria aggregation is the result of the weighted sum of the importance of each attribute and the perceived performances.
Results of the Participatory Assessment
Individual Assessments
The weights represent the relative importance of the attributes in conducting a sustainability assessment of the bread chain and are calculated taking into account the hierarchical structure of sustainability dimensions and attributes, as presented in Figure 1 (i.e., the importance of each attribute is multiplied by the weight assigned to its sustainability dimension, which, in turn, represents a share of the overall sustainability performance). Weights are then used to aggregate the normalized performance scores of different supply chains relative to each attribute. Overall, local and regional chains perform relatively better than the global chain on most attributes and show very similar profiles, with minor differences. Attributes on which the global chain performs better, or as good as the others are competitiveness, labor relations (equal score), food security (i.e., economic and physical access to the product), waste and safety (equal scores). The weights represent the relative importance of the attributes in conducting a sustainability assessment of the bread chain and are calculated taking into account the hierarchical structure of sustainability dimensions and attributes, as presented in Figure 1 (i.e., the importance of each attribute is multiplied by the weight assigned to its sustainability dimension, which, in turn, represents a share of the overall sustainability performance). Weights are then used to aggregate the normalized performance scores of different supply chains relative to each attribute. Overall, local and regional chains perform relatively better than the global chain on most attributes and show very similar profiles, with minor differences. Attributes on which the global chain performs better, or as good as the others are competitiveness, labor relations (equal score), food security (i.e., economic and physical access to the product), waste and safety (equal scores).
Provided this is a result considering the average of responses, the next step is to understand how the results on the performance of the chains vary in relation to views and values of the actors. We grouped stakeholders with similar values to identify agreements and diversities between stakeholder sub-groups. After clustering stakeholders based on the proximity of the answers to questions on the weights, we calculated the weighted performance of chains within each group.
Based on hierarchic clustering, we have identified four clusters (see Appendix, Table A1 for cluster's composition). Figure 5 represents the weighted performance of the three supply chains as expressed by the four clusters of stakeholders. A synthetic label identifies each group.
The first cluster is labeled "balanced and smooth": four stakeholders compose this cluster and they span across local, regional and global categories, in a relatively balanced way. This group reflects the average results across stakeholders. The three chains show some small differences in the performance but none is overtaking the others markedly: local and regional cases are similar across the attributes, particularly successful on nutrition, biodiversity, trust, territoriality, transparency and distribution of added value, while the global case is more successful in terms of pollution, growth and employment and food security. The second cluster is labeled "local dominant", composed by a milling company and the Rural Seed Network (an NGO): according to these stakeholders the local case shows a clear dominance in terms of environmental and social performance while the regional case performs better on the economic dimension. According to this group's perception, the global case is dominated in all attributes, except for "safety" on which it aligns with the other chains. The third cluster is "balanced and sharp" and it is composed by a large-scale baker and the regional farmers' consortium: the performances expressed do not show a dominance by one of the chains, as in the first cluster, but performances are more diversified. The global chain's performance here is Provided this is a result considering the average of responses, the next step is to understand how the results on the performance of the chains vary in relation to views and values of the actors. We grouped stakeholders with similar values to identify agreements and diversities between stakeholder sub-groups. After clustering stakeholders based on the proximity of the answers to questions on the weights, we calculated the weighted performance of chains within each group.
Based on hierarchic clustering, we have identified four clusters (see Appendix, Table A1 for cluster's composition). Figure 5 represents the weighted performance of the three supply chains as expressed by the four clusters of stakeholders. A synthetic label identifies each group. best for the larger set of attributes compared to the other groups (i.e., competitiveness, labor conditions, food security, pollution and resource use, food safety and waste). The fourth cluster can be considered residual. Overall, the judgment of these stakeholders tends to favor local and regional cases: although a large retailer is also part of the group, the values of regional and local stakeholders tend to refer to rural development, biodiversity, territoriality and nutrition as priorities on which a more "locally based" supply chain are considered to perform better. 
Comparison of preliminary and stakeholder assessment
In this last section we compare the preliminary assessment with the individual assessment by stakeholders on the bread chains' performances and highlight areas of consensus that emerged during the workshop collective discussion. Figure 6 represents how the performance assessed in the preliminary phase changes according to the views of the stakeholders addressed. The performance The first cluster is labeled "balanced and smooth": four stakeholders compose this cluster and they span across local, regional and global categories, in a relatively balanced way. This group reflects the average results across stakeholders. The three chains show some small differences in the performance but none is overtaking the others markedly: local and regional cases are similar across the attributes, particularly successful on nutrition, biodiversity, trust, territoriality, transparency and distribution of added value, while the global case is more successful in terms of pollution, growth and employment and food security. The second cluster is labeled "local dominant", composed by a milling company and the Rural Seed Network (an NGO): according to these stakeholders the local case shows a clear dominance in terms of environmental and social performance while the regional case performs better on the economic dimension. According to this group's perception, the global case is dominated in all attributes, except for "safety" on which it aligns with the other chains. The third cluster is "balanced and sharp" and it is composed by a large-scale baker and the regional farmers' consortium: the performances expressed do not show a dominance by one of the chains, as in the first cluster, but performances are more diversified. The global chain's performance here is best for the larger set of attributes compared to the other groups (i.e., competitiveness, labor conditions, food security, pollution and resource use, food safety and waste). The fourth cluster can be considered residual. Overall, the judgment of these stakeholders tends to favor local and regional cases: although a large retailer is also part of the group, the values of regional and local stakeholders tend to refer to rural development, biodiversity, territoriality and nutrition as priorities on which a more "locally based" supply chain are considered to perform better.
In this last section we compare the preliminary assessment with the individual assessment by stakeholders on the bread chains' performances and highlight areas of consensus that emerged during the workshop collective discussion. 
of raw material, consumer confidence drops. The expectation on our products is completely different, at most the national origin of raw material could be expected (but not guaranteed or certified). Therefore, the reference for the assessment must be different." (…) "The importance of the single parameter chosen for the assessment changes across different chains: in the local case the promise is the use of an ancient variety, in my company a major expectation is on good taste and standardization: my products need to be absolutely equal. The promise is different. The parameters become more or less relevant depending on the promise that I make (…) I can measure objectively some indicators, but then the promise that I make is what actually matters." (Global chain
stakeholder, Authors' translation). In relation to the environmental dimension, local and regional cases favor biodiversity based on stakeholder opinion-including the global chain's ones, with agreement among stakeholders. Similar considerations can be made for waste: stakeholders assign a lower priority on this attribute and the three chains show similar, relatively high performances, although bread types and chains are very different. Nonetheless waste remains a controversial issue: during the discussion it was remarked that "waste is an issue that always concerns others", and responsibilities are hard to identify. In relation to pollution and resource use, there isn't a clear agreement: LCA data indicate that the In relation to added value creation, which was the most important within the socio-economic dimension, local and regional chains perform better than global, based on available evidence and stakeholders' perceptions. Conversely, the global chain confirms as best performing on profitability, contribution to economic development and food security. On rural development and distribution of added value, the local and regional cases are confirmed as best performing. Among social attributes, stakeholders indicate that trust is important but must be conceived differently in different chains, in relation to scale and distance among supply chain steps. The way trust is framed ultimately depends on the expectations of the consumer: the face-to-face relationship between a local producer and a local consumer is not the same relationship that the consumer has with the producer in the global chain. This is well explained by the words of the global chain stakeholder:
"Single attributes can be measured fairly objectively, in principle. But expectations that consumers have on these products are very diverse. When a consumer purchasing a local product is betrayed on the local origin of raw material, consumer confidence drops. The expectation on our products is completely different, at most the national origin of raw material could be expected (but not guaranteed or certified). Therefore, the reference for the assessment must be different." ( . . . ) "The importance of the single parameter chosen for the assessment changes across different chains: in the local case the promise is the use of an ancient variety, in my company a major expectation is on good taste and standardization: my products need to be absolutely equal. The promise is different. The parameters become more or less relevant depending on the promise that I make ( . . . ) I can measure objectively some indicators, but then the promise that I make is what actually matters." (Global chain stakeholder, Authors' translation).
In relation to the environmental dimension, local and regional cases favor biodiversity based on stakeholder opinion-including the global chain's ones, with agreement among stakeholders. Similar considerations can be made for waste: stakeholders assign a lower priority on this attribute and the three chains show similar, relatively high performances, although bread types and chains are very different. Nonetheless waste remains a controversial issue: during the discussion it was remarked that "waste is an issue that always concerns others", and responsibilities are hard to identify. In relation to pollution and resource use, there isn't a clear agreement: LCA data indicate that the local chain impacts more than the global chain, while two clusters of stakeholders perceive the global supply chain as more polluting and consuming resources than the local chain. This divergence suggest that environmental performance is still a controversial area. The tension on this aspect, is well expressed by one of the global chain stakeholders, who remarks the relevance of life cycle assessment: "( . . . ) CO 2 emissions, is a parameter that-like it or not-will be crucial to the debate in the next five years, at least. And this parameter indicates that it is not necessarily true that small/local is better overall. For example the Canadian wheat with good agricultural practices and transported by ship is better than the Sicilian wheat. The way you grow the raw materials is very relevant and farming practices are crucial. When we get to this kind of discussion, what is expected is very different from the reality, because the variables affecting the results are different from those to which we normally think". (Global chain stakeholder, Authors' translation).
In relation to the health dimension, bread nutritional value in the local and regional cases is perceived to be superior to the global case, (or at most equal, as stated by global stakeholders). Although incontrovertible evidence is not available in this regard, the parameters identified in the preliminary analysis help to qualify such difference. It must be emphasized that nutrition represents one of the most important grounds for innovation, for all chains considered. On safety stakeholders share a similar perceptions however in more than one cluster, the global chain is perceived as able to perform better on this attribute than the other cases.
In relation to the ethical dimension, transparency, traceability and responsibility were widely discussed:
"Certification needs increase with scale and complexity. The necessity of standard production processes (at the industrial level) is part of a responsible management of processes. If my production line goes "out of the standard" the risk is to throw away tons of product. The consequence is the need for standardization. This is not required by the small bakery, which is much more flexible". (Global chain stakeholder, Authors' translation).
Full traceability along the wheat-to-bread chain is anyhow difficult and expensive to achieve, as the length of the chain and complexity increase:
"Traceability means transparency and safety and it is important for the consumer, but it also implies additional costs, and this impacts on affordability for the consumer". (Retailer, Authors' translation).
However, it was also clearly remarked that:
"Often, product price is very high (i.e., price per kg of bread) and not justified by any specific quality, and without any information either". (Regional chain stakeholder, Authors' translation).
Lastly it was noticed by the participants that the selected supply chains capture context-specific best practices: however, the analysis overlooks a more spread and undefined-but perhaps more representative-"generic bread chain", with less quality features but more problematic areas. For instance, waste or safety issues are relevant for the bread sector but did not emerge in our cases.
Discussion: Main Sources of Challenge to Sustainability Assessment
During case study development, five main challenges in sustainability assessment of food supply chains clearly emerged. In this paragraph we briefly discuss them in relation to case study findings and relevant available literature.
The Complexity of Food Supply Chains
Agri-food chains comprise social, ecological and technological connections that require integrated research approaches in order to fully capture relevant distinguishing features [49] . The simplistic and ambiguous distinction between "local" and "global" food chains of production and distribution as abstract typologies [50] is, per se, scarcely helpful in assessing sustainability performance. The physical/geographical distance between production and consumption is only one possible criterion, captured by the "food miles" metric [51] , which anyhow shows critical limitations, revealed to be oversimplified and of limited use, or, at worst misleading [52] , especially for consumers [53] [54] [55] . Furthermore, local and global are no clear-cut categories, as local chains entail global elements and vice-versa, giving rise to hybrid situations. Even the most local chain relies to some extent on global inputs (such as fuel and machinery) to be able to function, as emerged in our cases study chains. In our assessment, we made an effort to go beyond distance between supply chain stages and capture other relevant features that can be used to qualify the complexity of context specific food chains, such as the know-how and kind of resources used in the production process [56] , the coordination and organizational structure along the chain [57, 58] , and the role of a more or less standardized identity of the product [59] .
The Multidimensionality of the Sustainability Concept
Food chains can have impacts that require the consideration of multiple dimensions, whereas available research largely focuses on environmental and economic concerns [14] . Social aspects and also the integration of the three dimensions of sustainability are still rare [60] . Beyond environmental and economic dimensions, social, human health and ethical issues are attracting interest [61] [62] [63] . At the same time, this poses considerable methodological challenges because the inclusion of more criteria inevitably complicates comparability and determines tradeoffs. The heterogeneity of elements must be dealt with through trans-disciplinary knowledge development [18] : this is the reason why we referred to expert knowledge in order to address attribute specific performances (such as biodiversity or nutritional value of bread). Moreover, several tradeoffs between dimensions and attributes clearly emerged in the case study analysis: for example there is an unresolved debate about delivering biodiversity (environmental performance) and maximizing productive output (economic performance) across the chains. Another example concerns the health dimension: in different chains, the practices adopted to safeguard the nutritional value of ingredients, semi-final and final product are often constrained by scale, feasibility of large volumes and continuity (in quantitative and qualitative terms) of input supplies. And furthermore, a relevant tradeoff was indicated between traceability and prices-thus affordability-for the consumer: however it was also noticed that often high market prices are not justified by more available information to the consumer.
The Pliability of the Sustainability Concept
Legitimate but differing perspectives tend to shape the debate on sustainability in some direction and the higher the uncertainty the stronger the dispute in terms of value judgments. Sustainability has been defined as a "consensus frame", or a concept that finds broad resonance and consent, but it can be used to make diverging, and sometimes conflicting, claims [64, 65] . Sustainability is a concept that no one can be against, therefore it is used by a broad range of actors, even when holding contradictory positions. Behind this apparent consensus, conflicts, in the form of different frames and corresponding claims, may lie hidden. Although many actors use the sustainability concept, what they mean by the term, their causal analyses, and which forms of action they champion differ strongly [64] . This was a central issue in our study, in which clusters of stakeholders with heterogeneous views on what matters as sustainable were identified. For example, the "local dominant" cluster considers chain A as the best performing on all attributes, including profitability, competitiveness and labor relations, while other clusters consider performances of different cases as complimentary (as in the "balanced and smooth" cluster). In terms of priorities, while most stakeholders agree that nutrition and trust are most important attributes, it emerged during the discussion that these concepts have different meanings for different chains. A higher variability in answers-thus less agreement among chain stakeholder-was found for attributes in the lower part of the ranking (Figure 3) , for example for distribution of added value which is a central refrain in the agricultural policy debate and sustainability.
The Dynamicity of Sustainability Objectives
The definition and the priority among sustainability dimensions and attributes are in a continuous process of change and what is considered sustainable today may not be so tomorrow. Handling sustainability requires the anticipation of long-term impacts of the current state of action and possible future developments. Consequently, the definition of "what counts as sustainable food" has become an object of competition among market players, corporations, practitioners, in relation to private and public policy making. The technical assessment of (mostly environmental) impacts through Life Cycle Analysis (LCA) represents an evolution of private standard setting, whose proliferation was initially led by corporate retailers to regulate product quality, safety and "ethics," but also to manage supply chain risks, improve overall brand images, and compete on other factors beyond price. For example, partiality (standards usually focus on specific stages of the supply chain) and complexity (they represent an extra burden for firms) are overcome by the increased objectivity, completeness and (apparent) simplicity offered by foot-printing [66] [67] [68] . In this sense, "foot-printing" can be interpreted as a tool for governance [69] . The product footprint governs not just by establishing metrics of comparison and progress but also by identifying the "hotspots" within product life cycles, where measurable environmental impacts and thus potential improvement opportunities are greatest [70] .
The global chain case is a well fitting example, where the baking company periodically discloses Environmental Product Declarations (EPD) to show improved eco-efficiency [71] , to engage in supply chain governance and improve cooperation with stakeholders [70, 72] . For the other supply chains stakeholder this would require an investment, which is not (yet) at their reach.
The Governance Implications of Sustainability Assessment for Food Supply Chains
Following from the previous point, we can state that sustainability assessment has fundamental implications for the governance of societies. Voss et al. [13] acknowledge the uncertainty and complexity around sustainability and argue that sustainable development is not an objective to be reached once and for all but is a "reflexive process". The "reflexive governance" concept has been developed to tackle "wicked" problems like sustainability [73] : governance is intended as "the characteristic processes by which society defines and handles its problems" [13] and is the result of the interaction of many actors who have their own particular problems, define goals and follow strategies to achieve them. Reflexivity refers to the "continued learning in the course of modulating ongoing development, rather than towards complete knowledge and maximization of control". Reflexive governance hence indicates "a mode of governance where cognitive procedures are designed to create feedbacks on multiple regulatory frameworks in order to influence actors' beliefs and norms" [74] (p. 1). In the "reflexive governance framework" system analysis is a precondition to the formulation of objectives and the implementation of strategies for sustainability improvement. Some suggestions can be taken from this approach to deal with problematic features hindering system analysis, goal setting and strategy formulation. For example, the heterogeneity of elements must be dealt with trans-disciplinary knowledge development; the uncertainty about transformations and dynamics over time acknowledges the need for experimentation and adaptivity. Participation in iterative processes is important both for goal and strategy setting, provided that the capacities to influence transformations are distributed among actors.
In our participatory assessment we have been mindful of the reflexive governance approach by setting the conditions through which problem perceptions, assessment criteria and action strategies of different actors were exposed to each other. During the workshop, actors had the chance to begin to adapt their perceptions, criteria and strategies [13] (p. 7), reflect on the modes of problem treatment, the types of strategies that are applied to search for solutions and ultimately pursue sustainability. However, the scope of our study is limited to an initial step. Further research work would be needed to monitor and assess to what extent a participated sustainability assessment could actually lead to changed and more sustainable and innovative practices.
Conclusions
The development of a comprehensive and transparent approach to analyzing all sustainability dimensions in a coherent way remains a major challenge, despite increasing efforts by academics and practitioners. This study has addressed and experimented with the assessment of sustainability performance in light of the diversity of visions around what is to be considered sustainable. We have adopted a case study approach with the aim of building theoretical propositions from multiple cases to be explored by further research [19, 20] . The cases analyzed are diverse context-specific wheat to bread supply chains, which can be considered best practices, each one in its own realm. Beyond collecting information on the sustainability performance in relation to five sustainability dimensions, we have addressed stakeholder to align the visions and the multiple meanings of sustainability. The comparison was not aimed at establishing a ranking of "winners and losers" but rather at overcoming a priori positions on "what counts as sustainable" [70] , enriching the understanding of the attributes to be used to reflect the existing diversity of legitimate perspectives. Stakeholders' involvement in sustainability assessment is necessary to understand the complexity of the problems of sustainability governance, the reasons why overcoming tradeoffs and barriers towards change is a slow and controversial process. Based on case study observation, three key propositions can be suggested to contribute to food chain sustainability assessment. These are summarized in Figure 7 . At firm level, comparison between different supply chains can be used to identify best practices and benchmarks. Sustainability assessment is a way of increasing self-awareness and diagnosis by stakeholders on the practices adopted and on their own performance. The need to optimize their processes on the chosen set of indicators of performance generates, as a side effect, the risk of neglecting those dimensions of sustainability that are more difficult to define and quantify in an uncontested way, i.e., those referring to cultural values and ethical considerations. A comprehensive sustainability attributes "checklist" should be adapted for self-assessment by each chain at different levels. This is particularly relevant for the attributes within the social and ethical dimensions: how to consider the "promise" that is made by the specific supply chain in the assessment remains a considerable challenge. To increase the degree of validity of sustainability assessment, public institutions should ensure that it is based on participation, transparency of different positions and on a dialogue between science and society. For example, the environmental impacts emerged as an area of dissent between stakeholder thinking and the results of LCA: indicators on impacts per kg of product may not be the most salient way of capturing environmental attributes. Moreover, the availability of data on the environmental dimension leads to the consequence that those who can afford data production and monitoring may be judged better in terms of performance, thus becoming a matter of power imbalance [70] . Efforts are needed to establish shared environmental indicators and to encourage environmental assessment also in small-scale enterprises. Although there is an external perception on the performance of the chains, often data are insufficient to corroborate such perception. Combining science-led evidence with socio-cultural values contributes to sustainability assessment but also poses a considerable methodological challenge.
The methodological approach adopted has some strengths to be emphasized: the first concerns the fact that group discussions are inevitably influenced by individuals or clusters, as indicated by Starr [75] . This bias is overcome by controlling stakeholder opinions through individual questionnaires filled independently and based upon a common set of information provided initially. At firm level, comparison between different supply chains can be used to identify best practices and benchmarks. Sustainability assessment is a way of increasing self-awareness and diagnosis by stakeholders on the practices adopted and on their own performance. The need to optimize their processes on the chosen set of indicators of performance generates, as a side effect, the risk of neglecting those dimensions of sustainability that are more difficult to define and quantify in an uncontested way, i.e., those referring to cultural values and ethical considerations. A comprehensive sustainability attributes "checklist" should be adapted for self-assessment by each chain at different levels. This is particularly relevant for the attributes within the social and ethical dimensions: how to consider the "promise" that is made by the specific supply chain in the assessment remains a considerable challenge.
Proposition 2. Identifying Shared Parameters and Indicators on which Producers, or a Community of Reference are Asking to be Evaluated is an Issue of Concern
To increase the degree of validity of sustainability assessment, public institutions should ensure that it is based on participation, transparency of different positions and on a dialogue between science and society. For example, the environmental impacts emerged as an area of dissent between stakeholder thinking and the results of LCA: indicators on impacts per kg of product may not be the most salient way of capturing environmental attributes. Moreover, the availability of data on the environmental dimension leads to the consequence that those who can afford data production and monitoring may be judged better in terms of performance, thus becoming a matter of power imbalance [70] . Efforts are needed to establish shared environmental indicators and to encourage environmental assessment also in small-scale enterprises.
Proposition 3. Multidimensional Sustainability Assessment must Acknowledge that What is Technically Measurable is a Part of Reality, and That Improvement of Measurability is a Process "Fed" by the Study of Non-Measurable Outcomes. The Combination of Hard and Soft Indicators should be further explored
Although there is an external perception on the performance of the chains, often data are insufficient to corroborate such perception. Combining science-led evidence with socio-cultural values contributes to sustainability assessment but also poses a considerable methodological challenge.
The methodological approach adopted has some strengths to be emphasized: the first concerns the fact that group discussions are inevitably influenced by individuals or clusters, as indicated by Starr [75] . This bias is overcome by controlling stakeholder opinions through individual questionnaires filled independently and based upon a common set of information provided initially. This also helps to reduce the influence by the facilitator who must lead the discussion and helps stakeholder to avoid answers based on "official positions" represented in public and to go beyond the participants' contingent interest. Secondly, the reliance on an integration of tools compensates some limitations of each instrument taken singularly. For example, multi criteria assessment allows identifying tradeoffs between attributes and performances, avoiding dominant positions and forced consensus. Thirdly, cluster analysis on priorities expressed by stakeholders allows overcoming unbalanced composition of experts, as clusters create homogeneous groups, independent from the number and degree of expertise of the participants. Eventually, it allows to identify, and marginalize if necessary, inhomogeneous stakeholders. Some limitations of our work also need to be acknowledged: for example the wide the set of attributes submitted to stakeholder increases the difficulty in understanding the meaning of each one. Moreover, we asked stakeholder to assess the importance of each sustainability attributes: the collective discussion suggested that it would have been useful to ask for a judgment on the importance of attributes for each chain, in order to take into account how the "promise" by each chain changes. However, this would pose a problem regarding the actual ability of stakeholders in answering this question, being limited by their own specific experience.
